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Investigation  of  the  Turbulent  Flow  of 
Multicomponent  Flushing  Fluid 
Between  Two  Parallel  Plates 

R.  M.  Khasayev,  A.  K.  Mamedov,  A.  T.  Abbasov 

As  investigations  have  shown  in  recent  years  [1],  the  structured  flow  of 
drilling  flushing  fluids  and  cement  mortars  is  described  by  a viscoplastic  model 
Howwver,  in  a turbulent  motion  mode,  the  structured  viscosity  and  the  critical 
shear  stress  becomes  insufficient  for  the  flow  characteristics  of  multicomponent 
fluids. 

According  to  [2],  in  a turbulent  motion  mode  the  effect  of  the  viscous  pro- 
perties decreases,  and  the  effect  of  the  solid  components  in  the  fluid  has  a 
predominant  influence  on  its  motion.  In  accordance  with  the  theory  of  the  • 
motion  of  fluids  in  a boundary  layer  the  viscous  properties  are  preserved  near 
the  walls  and  as  the  flow  core  is  Approached  their  effect  disappears  [3]. 

In  connection  with  this,  when  calculating  the  turbulent  flow  of  drilling 
flushing  fluids,  cement  mortars  and  other  multicomponent  fluids  it  is  advisable 
to  break  the  fluid  flow  down  into  three  areas : 


1 


1)  into  a a structured  sublayer,  where  the  motion  is  determined  mainly  by 
the  viscous  forces  and  by  the  forces  of  the  critical  shear  stress; 

2)  into  a turbulent  transition  layer,  described  by  a Newtonian  model  with 
turbulent  viscosity; 


3)  into  a turbulently  moving  core,  where  the  effect  of  viscosity  is  negli* 
gibly  small. 


On  the  basis  of  the  accepted  model  the  laws  of  the  variation  of  friction 
stress  can  be  represented  accordingly  for  each  area: 
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In  accordance  with  the  accepted  laws  of  variation  in  friction  stress  and 
in  accordance  with  [1,3]  let  us  take  the  velocity  distributions  in  the  indivi- 
dual areas  of  motion: 
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As  the  boundary  conditions  for  the  determination  of  the  unknown  constants 
of  integration  let  us  take 
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where  v^,  t,;  ; t.  t.  are  the  averaged  velocities  and  friction  stresses 

respectively  in  each  area;  h is  the  distance  between  the  plates;  Z,%  g,  are 
the  thicknesses  of  the  structured  boundary  layer  and  the  turbulent  sublayer; 

T..  ^ are  the  structured  and  turbulent  viscosity  of  the  fluid;  v is 

the  critical  shear  stress;  t’*,  are  the  dynamic  velocity  respectively 

for  the  transition  tuebulent  sublayer  and  the  turbulent  core;  p is  the  den- 
sity of  the  fluid;  / is  the  value  which  expresses  the  approximate  lav  of  the 
fractionation  of  the  law  (sic)  [Translator's  note:  probably  should  be  - flow] 
into  layers  with  similar  distributions  of  relative  averaged  velocities. 


Employing  the  conditions  of  (2)  from  equation  (1)  let  us  compile  the  fol 


lowing  equations: 
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From  joint  solution  (3)  we  will  have: 
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Having  substituted  the  values  Cj,  c2,  c3,  c4  and  »„«*  from  (4)  in  (2) 
we  will  have: 
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Let  us  determine  th  flow  rate  of  the  multicomponent  fluid  between  the 
two  parallel  plates 

ii 

l»  '•*  * lt  j 
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Substituting  the  values  v^,  v2  and  v^  from  (5)  in  (6),  we  will  have: 
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After  carrying  out  integration  and  the  appropriate  transformations  for  the 


flow  rate  of  the  fluid  we  will  obtain  the  expression: 
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In  equation  (7)  ij  and  are  also  unknowns,  which  can  be  determined 
from  the  followigg  equations^  compiled  in  accordance  with  the  conditions  of  (2) 
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where 
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Equations  (7)  and  (8)  make  it  possible  in  the  determination  of  the  flow 
rate  of  the  multicomponent  fluid  during  its  turbulent  motion  to  take  into  ac- 
acount  the  effect  of  the  viscoplastic  properties  of  the  fluids  (*!•  *">  and  the 
concentration  of  the  solid  particles  (v)  in  it. 
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